
525

CHAPTER 18

CONCLUSIONS AND RESEARCH PATHWAYS
National Assessment Synthesis Team

Contents of this Chapter

Conclusions

Research Pathways



Urban Areas

Urban areas provide a good example of the need
to address climate change impacts in the context
of other stresses. Although large urban areas
were not formally addressed as a sector, they did
emerge as an issue in most regions. This is clearly
important because a large fraction of the US pop-
ulation lives in urban areas,and an even larger
fraction will live in them in the future. The com-
pounding influence of future rises in temperature
due to global warming, along with increases in
temperature due to local urban heat island
effects,makes cities more vulnerable to higher
temperatures than would be expected due to
global warming alone. Existing stresses in urban
areas include crime,traffic congestion,compro-
mised air and water quality, and disruptions of
personal and business life due to decaying infra-
structure. Climate change is likely to amplify
some of these stresses,although all the interac-
tions are not well understood.

Impact, Adaptation, and 
Vulnerability

As the Assessment teams considered the negative
impacts of climate change for regions,sectors,
and other issues of concern,they also considered
potential adaptation strategies. When considered
together, negative impacts along with possible
adaptations to these impacts define vulnerability.
As a formula,this can be expressed as vulnerabili-
ty equals negative impact minus adaptation.
Thus,in cases where teams identified a negative
impact of climate change,but could not identify
adaptations that would reduce or neutralize the
impact,vulnerability was considered to be high.
A general sense emerged that American society
would likely be able to adapt to most of the
impacts of climate change on human systems but
that the particular strategies and costs were not
known.

CONCLUSIONS

Large Impacts in Some Places

The impacts of climate change will be significant
for Americans. The nature and intensity of
impacts will depend on the location,activity, time
period,and geographic scale considered. For the
nation as a whole,direct economic impacts are
likely to be modest. However, the range of both
beneficial and harmful impacts grows wider as
the focus shifts to smaller regions,individual com-
munities,and specific activities or resources. For
example,while wheat yields are likely to increase
at the national level,yields in western Kansas, a
key US breadbasket region,are projected to
decrease substantially under the Canadian climate
model scenario. For resources and activities that
are not generally assigned an economic value
(such as natural ecosystems),substantial disrup-
tions are likely.

Multiple-stresses Context

While Americans are concerned about climate
change and its impacts,they do not think about
these issues in isolation. Rather they consider cli-
mate change impacts in the context of many
other stresses,including land-use change,con-
sumption of resources, fire,and air and water pol-
lution. This finding has profound implications for
the design of research programs and information
systems at the national, regional,and local levels.
A true partnership must be forged between the
natural and social sciences to more adequately
conduct assessments and seek solutions that
address multiple stresses.
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Widespread Water Concerns

A prime example of the need for and importance
of adaptive responses is in the area of water
resources. Water is an issue in every region,but
the nature of the vulnerabilities varies,with differ-
ent nuances in each. Drought is an important
concern in every region. Snowpack changes are
especially important in the West, Pacific
Northwest,and Alaska. Reasons for the concerns
about water include increased threats to personal
safety, further reductions in potable water sup-
plies,more frequent disruptions to transporta-
tion, greater damage to infrastructure,further
degradation of animal habitat,and increased com-
petition for water currently allocated to agricul-
ture. The table below illustrates some of the key
concerns related to water in each region.

Health, an Area of Uncertainty

Health outcomes in response to climate change
are highly uncertain. Currently available
information suggests that
a range of health impacts
is possible. At present,
much of the US popula-
tion is protected against
adverse health outcomes
associated with weather
and/or climate,although
certain demographic and
geographic populations
are at greater risk.
Adaptation,primarily
through the maintenance

and improvement of public health systems and
their responsiveness to changing climate condi-
tions and to identified vulnerable subpopulations,
should help to protect the US population from
adverse health outcomes of projected climate
change. The costs,benefits,and availability of
resources for such adaptation need to be consid-
ered,and futher research on the relationships
between climate/weather and health is needed.

Vulnerable Ecosystems

Many US ecosystems,including wetlands, forests,
grasslands, rivers,and lakes, face possibly disrup-
tive climate changes. Of everything examined in
this Assessment,ecosystems appear to be the
most vulnerable to the projected rate and magni-
tude of climate change,in part because the avail-
able adaptation options are very limited. This is
important because,in addition to their inherent
value,they also supply Americans with vital goods
and services,including food, wood,air and water
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WATER ISSUES

This table identifies some of the key regional concerns about water.  Many of these issues were raised
and discussed by stakeholders during regional workshops and other Assessment meetings held
between 1997 and 2000.

Ecosystem
Forests

Freshwater
Systems

Grasslands

Coastal 
Systems

Agro-
ecosystems

Goods
timber, fuelwood, food
(such as honey, mush-
rooms, and fruits)

drinking and irrigation
water, fish, hydroelectricity

livestock (food, game,
hides, fiber), water, genetic
resources
fish, shellfish, salt, sea-
weeds, genetic resources

food, fiber, crop genetic
resources

Services
purify air and water, generate soil, absorb carbon, moderate
weather extremes and impacts, and provide wildlife habitat and
recreation

control water flow, dilute and carry away wastes, and provide
wildlife habitat, transportation corridors, and recreation

purify air and water, maintain biodiversity, and provide wildlife
habitat, employment, aesthetic beauty, and recreation

buffer coastlines from storm impacts, maintain biodiversity,
dilute and treat wastes, and provide harbors and transportation
routes, wildlife habitat, employment, beauty, and recreation

build soil organic matter, absorb carbon, provide employment,
and provide habitat for birds, pollinators, and soil organisms

Ecosystem Goods and Services



and a wide variety of others. This unique level of
stakeholder involvement has been essential to
this process,and will be a vital aspect of its con-
tinuation. The value of such involvement
includes helping scientists understand what infor-
mation stakeholders want and need. In addition,
the problem-solving abilities of stakeholders have
been key to identifying potential adaptation
strategies and will be important to analyzing such
strategies in future phases of the assessment.

The next phase of the assessment should begin
immediately and include additional issues of
regional and national importance including urban
areas,transportation,and energy. The process
should be supported through a public-private
partnership. Scenarios that explicitly include an
international context should guide future assess-
ments. An integrated approach that assesses cli-
mate impacts in the context of other stresses is
also important. Finally, the next assessment
should undertake a more complete analysis of
adaptation. In the current Assessment,the adapta-
tion analysis was done in a very preliminary way,
and it did not consider feasibility, effectiveness,
costs,and side effects. Future assessments should
provide ongoing insights and information that
can be of direct use to the American public in
preparing for and adapting to climate change.

The following section offers suggestions about
new approaches, new knowledge, and new
capabilities that would improve future assess -
ments and thus provide more effective guidance
for responding to the challenges posed by cli -
mate change.

purification,and protection of coastal lands.
Ecosystems around the nation are likely to be
affected,from the forests of the Northeast to the
coral reefs of the islands in the Caribbean and the
Pacific.

Agriculture and Forestry Likely to
Benefit in the Near Term

In agriculture and forestry, there are likely to be
benefits due to climate change and rising CO2
levels at the national scale and in the short term
under the scenarios analyzed here. At the region-
al scale and in the longer term,there is much
more uncertainty. It must be emphasized that the
projected increases in agricultural and forest pro-
ductivity depend on the particular climate scenar-
ios and assumed CO2 fertilization effects analyzed
in this Assessment. If, for example, climate
change resulted in hotter and drier conditions
than projected by these scenarios,both agricul-
tural and forest productivity could possibly
decline.

Potential for Surprises

Some of the greatest concerns emerge not from
the most likely future outcomes but rather from
possible "surprises."  Due to the complexity of
Earth systems,it is possible that climate change
will evolve quite differently from what we
expect. Abrupt or unexpected changes pose
great challenges to our ability to adapt and can
thus increase our vulnerability to significant
impacts.

A Vision for the Future

Much more information is needed about all of
these issues in order to determine appropriate
national and local response strategies. The
regional and national discussion on climate
change that provided a foundation for this first
Assessment should continue and be enhanced.
This national discourse involved thousands of
Americans: farmers, ranchers,engineers,scien-
tists,business people,local government officials,
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Forests

Semi-arid and Arid

Ecosystem Type

Impacts
Changes in tree species composition and 
alteration of animal habitat

Displacement of forests by open woodlands and 
grasslands under a warmer climate in which 
soils are drier

Displacement of grasslands by open wood-
lands and forests under a wetter climate

Increase in success of non-native invasive
plant species

Loss of alpine meadows as their species are dis-
placed by lower-elevation species

Changes in plant community composition and
alteration of animal habitat

Loss of northern tundra as trees migrate poleward

Increase in woody species and loss of desert 
species under wetter climate

Loss of prairie potholes with more frequent
drought conditions

Habitat changes in rivers and lakes as amount and
timing of runoff changes and water temperatures
rise

Loss of coastal wetlands as sea level rises and
coastal development prevents landward migration

Loss of barrier islands as sea-level rise prevents
landward migration

Changes in quantity and quality of freshwater
delivery to estuaries and bays alter plant and 
animal habitat

Loss of coral reefs as water temperature increases

X X X X X X X

X

X

X X X X

X X X X
X

X

X

X

X X X X X X

X X X X X

X X
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X X
Changes in ice location and duration alter
marine mammal habitat

Grasslands

Tundra

Coastal & Marine

Freshwater

X
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The table below gives a partial list of potential impacts for major ecosystem types in various regions of the US.
While the impacts are often stated in terms of what is likely to happen to plant communities, it is important to
recognize that plant-community changes will also affect animal habitat.

ECOSYSTEMS VULNERABILITIES



As our nation considers its strategies for dealing
with climate-related vulnerabilities,scientists
must work to reduce uncertainties underlying the
vulnerability estimates. To assure that efforts to
reduce uncertainties are efficient and to the
point,the authors of the Assessment have identi-
fied a short list of priority research steps that are
outlined below. These steps are organized into
three categories:New Approaches,New
Knowledge,and New Capabilities. It is vital to
our national interest that we meet these research
needs so that we can,with increasing certainty,
address the critical question:How vulnerable or
resilient are the nation’s natural and human
resources and systems to the changes in climate
projected to occur over the decades ahead?  With
the new vision of regional analysis and scientist-
stakeholder partnerships developed in the
National Assessment,we have a powerful
approach to effectively address this complex
question.

Expanding New Approaches 

This first National Assessment experimented with
new approaches for linking the emerging findings
and capabilities of the scientific community with
the real-time needs of stakeholders who manage
resources, grow food,plan communities,sustain
commerce,and ensure public welfare. Teams
were established in various regions across the
country to look at how climate variability and
change would affect particular locations. Other
teams were established on particular topics that
focused on how climate variability and change
would affect issues of national significance.
These types of efforts need to be sustained and
expanded. In doing so we can build on a number
of existing federal programs.

Recommendation 1: Develop a More
Integrated Approach to Examining
Impacts and Vulnerabilities to Multiple
Stresses 

The key requirement is to develop a truly inte -
grated and widely accessible approach at regional
and national scales appropriate for the examina-
tion of regional and national problems associated
with biologic, hydrologic,and socioeconomic sys-
tems. A number of the regional and sector stud-
ies supporting the National Assessment have
made important progress in such efforts but sub-
stantial additional efforts are required.

RESEARCH
PATHWAYS 

New Approaches, New Knowledge,
and New Capabilities for 
Our Nation

The National Assessment has defined a new
vision for climate-impacts research. This vision
has at its core a focus on integrated regional
analysis and a close partnership of natural and
social scientists with local, regional,and national
stakeholders. Integrated analysis refers to consid-
ering the full range of stresses that affect a
resource or system,including climate change and
variability, land use change,air and water pollu-
tion,and many other human and natural impacts.
For example,in studying water quality in a partic-
ular place,the direct and indirect effects of urban
development, agricultural runoff, industrial pollu-
tion,and climate change-induced increases in
heavy precipitation events all would need to be
considered,along with many other factors.
Integrated analysis also refers to integrating
across all the relevant spatial scales for an issue,
and these may extend from local to regional to
national and even to global,depending on the
issue. In the example of the local water quality
study, this would mean integrating the effects of
large-scale weather patterns on precipitation,as
well as pollution inputs on both large and small
scales,some of which originate far from the study
area. Such integration across both multiple stress-
es and multiple scales is needed to provide the
type of comprehensive analysis that decision-mak-
ers seek.

Guided by this vision,the first National
Assessment has identified a range of regional and
sector vulnerabilities to climate variability and
change that call for the attention of the American
people and their leaders. In identifying vulnera-
bilities,the authors of the Assessment took great
care to evaluate the likelihood of various climate-
related outcomes. The likelihood of a number of
outcomes was considered to be high. However,
the likelihood of some of the other important
potential outcomes was more difficult to judge
due to lack of appropriate methods,uncertainties
in knowledge, or shortcomings in research infra-
structure such as computer power.
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Expand the national capability to develop inte-
grated, regional approaches for 
assessing impacts and vulnerabilities.

The regional teams supporting the National
Assessment have produced new and innovative
partnerships among a wide variety of scientists
and stakeholders. In the process,they have cat-
alyzed new modes of research and have demon-
strated the potential of an integrated approach to
assessing the consequences of climate variability
and change. If the nation is to have improved
projections of the impacts of and vulnerabilities
to multiple stresses, we must accelerate the
process of integrating research capabilities across
the spectrum of natural and social sciences with
the needs of public and private decision-makers.
The importance of multiple stresses on specific
environments and the importance of linkages
between physical,biological, chemical,and
human systems, require enhanced capabilities for
regional analysis. The key elements of this strate-
gy must be to:(a) integrate observations at a
regional level;(b) develop a comprehensive sys-
tem designed to make the enormous amounts of
data and information more accessible and useful
to the public;(c) enable field and experimental
studies that focus on solving regional problems;
and (d) develop a foundation for building
tractable,high-resolution coupled models that can
address the outcomes associated with multiple
stresses unique to each area of the country.
Regional assessments add impetus for developing
a comprehensive integrated approach,and this
integration will engender substantial new capabil-
ities to address the relationships between climate
and air quality, energy demand, water quality and
quantity, species distribution,ecosystem charac-
ter, ultraviolet radiation,and human health indices
in specific regions.

Perform integrated national investigations of addi-
tional sectors and issues.

The choice of major sectors in this Assessment
(water, forests,human health,coastal regions,and
agriculture) reflected the fact that they were like-
ly to be informative and important. Some of the
themes were represented by a strong foundation
of methods and models (e.g., agriculture) while
others represented capabilities at very early
stages of development (human health). These
themes yielded a number of future research

needs (e.g., the need to better understand human
health relationships to extreme temperatures,
other extreme weather events,and air quality, and
to better characterize the relationships between
climate and disease vectors and then between
vector distribution and disease). In addition, a
large number of important sectors and themes
were not addressed,including climate impacts on
transportation,energy, urban areas,and wildlife.
These will require future investment in support-
ing research and assessment.

Consider international linkages in assessing
national impacts.

In some cases,the vulnerability and resiliency of
the US to climate impacts are highly dependent
on the nature of the changes in other countries.
For example,in the case of agriculture,the nature
of the impacts strongly depends on international
markets,and therefore the production and distri-
bution of major crops around the world. These
markets will reflect the extent of temperature
and precipitation changes in other nations and
the ability of these nations to cope with climate
change and variability. Assessment of US impacts,
including potential benefits,will increasingly
require an examination of changes and response
strategies around the world,and the manner in
which these are translated to the global market-
place and environment.

Recommendation 2: Develop New Ways
to Assess the Significance of Global
Change to People

New methods for examining the potential
impacts of climate change,adaptation options,
and the vulnerability of communities,institutions,
and sectors are essential to improving the assess-
ment process. Research on these issues would
result in a far greater ability to anticipate possible
surprises,incorporate socioeconomic data in our
analyses,and provide information that is useful
for public and private decision-makers. The key
research requirements involve improving meth-
ods to:
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Understand and assign value to large and non-
market impacts  (e.g., on communities,
resources, and ecosystems).

Changes that occur in natural and managed
ecosystems,natural resources,and the other sec-
tors are important because people assign them
value,either in market or non-market terms. It is
crucial to develop new ways to assign values to
possible future changes in resources and ecosys-
tems,especially in the cases of very large impacts
and of processes and services that do not pro-
duce marketable goods. A focus on large impacts
and non-market systems should provide insights
that would enable decision-makers to understand
the potential consequences of environmental
change,as well as the potential consequences of
particular adaptation or mitigation decisions.

Represent, analyze, and report uncertainties.

Describing scientific uncertainty is a task that
faces every assessment of impacts or vulnerabili-
ty. Findings in this Assessment,and their associat-
ed uncertainties,are based on the considered
judgment of the NAST and on the peer-reviewed
literature. The assessment process should extend
the capabilities of decision-makers to understand
potential uncertainties. For this reason,a range of
additional methods for representing,analyzing,
and reporting uncertainties should become a
research focus.

Assess potential thresholds and breakpoints. 

Some ecosystems and human institutions do not
respond to rapid changes or stresses in continu-
ous ways;if the stress exceeds certain thresholds,
the system changes very rapidly, and sometimes
in irreversible ways. It is very important to
understand these types of responses because
they raise particularly dif ficult challenges for
adaptation. Using climate scenarios to help deter-
mine the conditions under which such changes
might occur is therefore extremely important to
pursue,because it can provide information of
direct utility to decision-makers.

Develop and apply internally consistent socioeco-
nomic futures for use in assessing impacts.

In order to consider adaptation responses and
ultimate vulnerabilities to climate change and
other environmental stresses,assessments need to
consider alternative possible socioeconomic and
climatic futures using scenarios,probability distri-
butions,or other methods. This Assessment
began this process,but new methods to develop
and apply such futures will improve the quality of
the evaluation of the potential for adaptation in
sector, regional and national analyses.

Developing New Knowledge

Determining how climate change will affect us
necessarily builds on a wide array of scientific
knowledge,not just of how the atmosphere
works,but of how land ecosystems,the oceans,
society, and many other aspects of the Earth sys-
tem interact. Building this base of knowledge
was the reason for establishing the US Global
Change Research Program,and for the many pro-
grams and projects that it supports. Findings of
this research have been essential to the overall
undertaking of the Assessment. However, in the
course of this Assessment, a number of areas have
been identified where specific types of new
knowledge are needed to assist society in prepar-
ing for the changing conditions of the 21st centu-
ry. Improving projections of the responses of
ecosystems,societal and economic systems,and
climate, would improve scientists’ ability to
answer questions that are important to decision-
makers.

Recommendation 3: Improve Projections
of How Ecosystems Will Respond

The nature of the response of complex natural
and managed ecosystems to multiple stresses is
one of the most important challenges to provid-
ing more certain projections of the impacts of cli-
mate variability and future climate change.
Scientific studies are needed to extend our
knowledge of many types of interrelationships
between climate and ecosystems. These com-
plex,interdependent interactions determine how
organisms will respond to climate and other
stresses and determine the potential vulnerability
and/or resilience of these systems. Areas requir-
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The importance and interactions of climate, land
cover, and land use in nutrient cycling, water
supply and quality, runoff, and soil fertility. 

Current land use models include socioeconomic
variables such as human population size,afflu-
ence,and culture. However, the influences of cli-
mate change on land use,and of land use changes
on regional climate,are not adequately consid-
ered. Available analyses of ecological change tend
to make one of two simplifications:either that a
region is covered by its potential natural vegeta-
tion (the vegetation that would exist in the
absence of human activities) or that the land-
cover and land-use will remain as it is now, inde-
pendent of climatic or other stresses. Both of
these perspectives are limiting because they sim-
plify the feedbacks between land use,ecological
systems,and climate. New models of land-use
change that integrate actual land-cover and land-
use information with ecological and economic
processes would provide a crucial context for
examining the potential consequences of human
land-use decisions on a wide variety of ecosystem
goods and services.

Better observations and models of ecosystem dis-
turbance, and species dispersal and recruitment.

The ability to project changes in the ranges of
important tree and plant species,and therefore
changes in the make-up of forests and other
ecosystems,is critically limited by information
about the frequency of fires and other distur-
bances,the ability of seeds to disperse across cur-
rent landscapes,and the factors that determine
the success of plants in establishing themselves
in new habitats and locations. Field observations,
experimental studies,and historical analyses of
past ecosystem changes are needed in order to
understand both what is possible and the dis-
tances and rates of range changes that important
species might actually achieve as climate
changes. Such results would help fill crucial gaps
in knowledge and enhance our ability to project
the future ranges and distribution of important
species.

ing intensified research to address this challenge
include:

Terrestrial and aquatic natural ecosystem respons-
es to multiple stresses, including the conse-
quences for productivity, biodiversity, and other
ecosystem processes and services.

Information is lacking on local, watershed,and
continental scales to evaluate the responses of
terrestrial and aquatic ecosystems to combina-
tions of environmental stresses. Experimentally
and observationally based investigations are need-
ed of combinations of important environmental
changes (such as changes in:CO2 concentration;
climate variability, temperature, land use, air and
water quality, and species composition) as they
affect important ecological processes (including
productivity and nutrient cycling),attributes
(such as species diversity, the responses and inter-
actions of important individual plant and animal
species,and the interactions among plant and ani-
mal communities),and services (such as regulat-
ing runoff). Results from such field experiments
are needed as inputs for more sophisticated gen-
erations of ecosystem models to provide the
information needed to project the responses of
ecosystems to combinations of stresses, rather
than separately treating individual stresses.

Managed ecosystem responses to multiple stress-
es, including their consequences for water quali-
ty and runoff, soil fertility, agricultural and forest
productivity, and pest, weed, crop, and pathogen
interactions through the development of integrat-
ed observations, process studies, and models.

Effective management of agricultural lands, forest-
ed ecosystems,and watersheds is closely coupled
to the influences of pests,pathogens, climate,and
other environmental variables. These interactions
have not been addressed adequately in an experi-
mental fashion. Research is needed on the inter-
actions of these factors as they affect crop and
forest productivity, soil fertility, water quality and
quantity, the spread of pathogens and weeds, etc.
Results from such experiments would provide
insight into potential vulnerabilities from the
combinations of environmental stresses,and
input to better management responses to changes
in those stresses.



Recommendation 4: Enhance Knowledge
of How Societal and Economic Systems
Will Respond to a Changing Climate and
Environment

A greater understanding of the vulnerability and
resilience of societal and economic systems is
essential to addressing key uncertainties. Human
roles in and responses to climate change and
other environmental stresses are among the most
important features of impact assessments. To
assess real impacts on people and their societies,
we should improve our understanding of how
people and institutions will adapt to change and
of the factors that will determine their vulnerabil-
ity. Gaining such knowledge will require invest-
ing in the following key areas:

Understanding the resilience of communities,
institutions, regions, and sectors (e.g., human
health, urban areas, transportation, and interna-
tional linkages).

The ability of communities,institutions, regions,
and sectors to adapt has only begun to be
addressed in this Assessment. Understanding
how the capacity to adapt to a changing climate
might be exercised,and therefore what vulnera-
bilities to climate change and other environmen-
tal stresses might remain,is an important next
step in the human dimensions research agenda.
The results of this research would enable a more
integrated evaluation of both natural and social
science aspects of human responses.

Improving understanding of how people and
institutions have adapted to past climate variabili-
ty and extreme events.

There is a wealth of information available on
how people and institutions have responded to
climate variability and other environmental
changes in the past. New research that docu-
ments these responses,analyzes the underlying
reasons for them,and explains how individual
and institutional decisions were actually made
will provide important insights into the feasibility
of coping and adaptation options that might be
available and considered in the future.
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Greater information and analysis of specific
potential adaptation options (e.g., costs, efficacy,
time horizons, feasibility, and other impacts). 

One of the critical unknowns in this Assessment’s
consideration of adaptation options stems from a
lack of information about their potential costs,
efficacy, time horizons required for implementa-
tion,other consequences,and feasibility. This
type of information should be gathered as deci-
sion-makers consider specific adaptation options.

Recommendation 5: Refine our Ability to
Project How Climate Will Change

This first National Assessment has revealed a
number of key uncertainties in projecting climate
change and variability at global,national,and
regional scales. These uncertainties limit our abil-
ity to assess the responses of natural and man-
aged ecosystems and societal and economic sys-
tems. Of greatest significance to decision-makers
will be reducing uncertainties in several key areas
by pursuing research that will lead to:

Improved understanding and analysis of the
potential for future changes in severe weather,
extreme events, and seasonal to interannual vari-
ability.  

Many of the results in this Assessment demon-
strate that changes in climate variability across a
wide range of spatial and time scales have very
important impacts on ecosystems,natural
resources,and human systems. Long-term climate
variations are strongly affected by how the
oceans store and transport heat from warm
regions near the equator to cold regions at high
latitudes. For example,the El Niño-Southern
Oscillation (ENSO) influences extreme weather
and climate events by affecting the paths,fre-
quency, and severity of winter and tropical
storms. While model projections of ENSO and
other sources of variability have advanced greatly
over the past few years, much additional work is
needed on how human-caused climate change
might affect these patterns of variability. Much
greater understanding is also needed about how
climate change will influence the frequency,
intensity, and likely locations of severe weather
and climate events such as droughts,hurricanes,
tornadoes,severe thunderstorms,and meteorolog-
ical events that produce severe flooding.



products required by increasingly sophisticated
assessment science. Climate modeling and analy-
sis are the foundation for developing climate sce-
narios that describe alternative futures for analy-
sis of potential impacts of climate change,adapta-
tion options,and vulnerability. Several steps can
be taken in the nearterm to enhance our capabili-
ties to provide and use scenarios.

Recommendation 6:  Extend Capabilities
for Providing Climate Information 

Addressing the broad spectrum of future societal
needs will require continued improvements in
observations,analysis,and the ability to forecast a
wide variety of environmental variables. The ele-
ments required to develop comprehensive capa-
bility include:

A national modeling and analysis capability
designed to provide long-term simulations,
analysis of limitations and uncertainties, and
specialized products for impact studies.

The nation’s climate modeling expertise is widely
recognized throughout the world and this expert-
ise is dedicated to developing state-of-the-science
model capability. Ensembles of long-term simula-
tions, extending from the start of the robust his-
torical record to at least the next 100 years,
would provide important information to the
nation. Further, the regional and sector teams in
this Assessment have been requesting a host of
specialized climate products that more directly
tie future climate projections to specific decisions
or vulnerabilities. The assessment process
requires greater access to and a greater under-
standing of the limitations inherent in future pro-
jections in order to weigh the advantages and
risks of alternative courses of action.
Substantially higher model resolution is required
to link climate with the scales of human deci-
sions. The demand for these climate services
exceeds the capabilities of the research functions
of the nation’s climate modeling centers.

Dedicated computer capability for developing
ensemble climate scenarios, high-resolution mod-
els, and multiple emission scenarios for impact
studies. 

There is a need for ensemble climate simulations
based on multiple-emission scenarios devoted to
studies of climate impacts,vulnerabilities,and

Improved understanding of the spatial and tem-
poral character of hydrologic processes, includ-
ing precipitation, soil moisture, and runoff.

Some of the most important differences among
climate model simulations involve projections of
precipitation,soil moisture,and runoff, and these
are of the greatest significance for ecosystems,
agriculture,and water quality and quantity.
Despite their importance,there is incomplete
understanding of the physical processes that gov-
ern the water cycle and the extent to which
these processes will be modified by climate
change. The differences are sufficiently large in
some regions of the country that we cannot even
project whether there will be an increase or a
decrease in soil moisture and runoff in these
regions. A critical element of climate research
must be an improved ability to simulate all
aspects of the water cycle. Results of this
research would substantially improve the esti-
mates of potential vulnerabilities to climate
change and other stresses.

Increased information on the nature of past cli-
mate, including its spatial and temporal charac-
ter.

Model-generated scenarios of climate change and
variability are only one way to examine potential
futures. Another important method is to recon-
struct the regional record of past changes in cli-
mate and their consequences in order to improve
our understanding of how the natural world has
operated in the past. These records illustrate the
nature of past variability, provide an opportunity
to assess climate model sensitivity, and offer
insights into the response of ecological systems
to past climate change. Results of this research
would raise our confidence in the application of
climatic information to evaluate impacts and vul-
nerability.

Adding New Capabilities 

The nation needs a stronger capability for provid-
ing climate information that serves the national
requirements for assessing vulnerabilities and
impacts. A stronger national capability could
deliver climate projections,including increased
access to reliable model outputs and observation-
al information,improved understanding of limita -
tions,and greater availability of the specialized
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responses. The investment that is needed is to
enhance the capacity of the climate modeling
community to generate and analyze model runs
that are dedicated for use by impact analysts.
Similarly, future assessments need to investigate a
range of plausible emissions and atmospheric
concentrations of carbon dioxide and other
greenhouse gases. The results of enhancing the
capability to generate dedicated scenarios of
emissions and climate would be a dramatic
improvement in the range of outcomes that
future assessments of vulnerability could analyze.

Reliable long-term observations and data archives.

One of the most often encountered limitations to
the conduct of this Assessment,and one of the
most often expressed needs of participants in the
regional and sector assessment process,has been
the lack of databases that truly reflect changes
and variations in the environment,as opposed to
those that unduly reflect uncertainties in observ-
ing methods. A commitment by the nation to
provide integrated databases and information on
multiple environmental conditions and trends,
and indicators/measures of climate and related
environmental changes,is essential to support
and implement the research agenda. The US has
tremendous potential to create more efficient and
comprehensive measurement,archive,and data
access systems that would provide greater scien-
tific benefit to society by building upon existing
weather and hydrologic stations and remote sens-
ing capability, and integrating current efforts of
local,state,and federal agencies. Improved data
and information archives will substantially
enhance future assessments.

Addressing the Full Agenda

While the proposed research activities are all
important individually, it will not be possible to
substantially reduce our uncertainties and gaps in
knowledge without consideration of their inter-
connections and interdependencies.
The National Assessment Synthesis Team is con-
vinced that the nation will benefit from multi-
year investments in this focused program of
research. Benefits will include major enhance-
ment in our knowledge of the impacts of and vul-
nerabilities to global change on scales appropri-
ate to the national interest and in our capacity to
assess their importance.

We must accept the challenge to learn more and
to conduct future assessments of multi-dimen-
sional changes in climate,other environmental
processes,and socioeconomic conditions.
Meeting this challenge will require the new
approaches,new knowledge,and new capabilities
outlined above that can help reduce uncertainties
while taking advantage of the great amount that
we already know. Many of the building blocks of
scientific knowledge,analytical capability, and
commitment to the required integration are now
in place. Through its regional,sector, and integrat-
ed approach,this Assessment has taken an impor-
tant first step toward that future.



Areas with High Potential for
Providing Needed Information in
the Near-Term

Expand the national capability to develop integrated, region-
al approaches for assessing the impacts of multiple stress-
es, perhaps beginning with several case studies.

Develop capability to perform large-scale (over an acre)
whole-ecosystem experiments that vary both CO2 and cli-
mate.

Incorporate representations of actual land cover and land
use into models of ecosystem responses.

Identify potential adaptation options and develop informa-
tion about their costs, efficacy, side effects, practicality, and
implementation.

Develop better ways to assign values to possible future
changes in resources and ecosystems, especially for large
changes and for processes and service that do not produce
marketable goods.

Improve climate projections by providing dedicated comput-
er capability for conducting ensemble climate simulations
for multiple emission scenarios.

Focus additional attention on research and analysis of the
potential for future changes in severe weather, extreme
events, and seasonal to interannual variability.

Improve long-term data sets of the regional patterns and
timing of past changes in climate across the US, and make
these data-sets more accessable.

Develop a set of baseline indicators and measures of envi-
ronmental conditions that can be used to track the effects
of changes in climate.

Develop additional methods for representing, analyzing, and
reporting scientific uncertainties related to global change.
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